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(57) Abstract 

In accordance with the present invention, there is provided an image, capture and georeferencing unit. The unit comprises in 
combination, a portable camera (1 1 ) with a GPS antenna and receiver (15b) that captures global coordinates, a compass i 14) tor detemunm^ 
the direction and an inclinometer (12) for the photographic angle. The camera and other instruments feed image and shot data to a CPU 
(18) where the shot data is analyzed, mathematically interpolated and reconciled with known constants. The image and shot data ait 
stored in memory (28). The "shot data" analyzed by the computer includes camera parameters such as camera: location, latitude, longitude 
and altitude, time, bearing, depression angle/pitch or azimuth, roll and yaw. The portable camera and data-gathering instalments move 
together and therefore, function as a single unit that provides precise, accurate data and digitized photographic image information, desp. e 
topographical changes and/or altitude variations of the camera. Exact digital representations with precise coordinates are mstamly avaiiaD e 
for precise reconnaissance purposes. The photographic shot data is mathematically adjusted (trigonometrically) to ordinate the points 
on the ground plane with the points in the image plane in order to produce an automatically computationally georelciviu ed digital image. 
Elevation data may be used to corroborate or enhance the accuracy of the trigonometric interpolations. 
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DIGITAL- IMAGE MAPPING 

FIELD OF THE INVENTION 

The present invention pertains to the capture and 
automatic georef erencing of a camera and/or images captured by 
the camera by utilizing a portable camera and data unit and, more 
particularly, to a system and method of obtaining precisely 
located, oblique, digitized land images, taking into account 
diverse topography and varying camera angles, including changes 
in heading, roll and yaw. 

BACKGROUND OF THE INVENTION 

Aerial photography of land images for reconnaissance 
purposes is well known, as illustrated in United States Patent 
No. 5,247,356 (issued to John A. Ciampa on September 21, 1993), 
entitled METHOD AND APPARATUS FOR MAPPING AND MEASURING LAND. 
This patent teaches that coordinates of a land location can be 
calculated and combined with photographic information about the 
terrain. The global position and the elevation information are 
converted into digitized form, along with the image information 
and then stored in computer memory. 

One of the problems of such aerial -photography 
methodology is that photographs must be taken over landscapes of 
relatively flat terrain, while a plane's altitude is generally 
parallel with the landscape, or at aircraft altitudes where 
topographical variations are generally minimized in the angular 
calculations. The inability of the prior art of aerial 
photographic systems to coordinate image information with 
collateral measurements has often required the use of expensive 
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flight platforms, preordained flight paths and orthogonal camera 
angles . 

In order to obtain exact geographic coordinates of any 
land image, it is no longer necessary to stabilize the camera, 
flight path and elevation, as previously calculated in the 
aforementioned patent. Due to additional data and calculations, 
the camera may now be freed up, regardless of topographical 
changes and changes of camera angles with respect to this 
changing topography. 

The present invention combines into a single unit a 
portable camera with a data unit containing a Global Position 
Satellite (GPS) antenna/receiver, including ' but not limited to 
differential GPS or other type GPS system, a compass and 
inclinometer. The data unit provides camera coordinates and 
triaxial angle data, which are combined with the digital 
representations of the photographic image. Trigonometric 
formulas correlate to the image pixel and corresponding ground 
coordinates. An iterative algorithm, as is well known in fuzzy 
logic and optimization routines, is used to compensate for the 
changes and variations in the landscape topography. This is 
accomplished by using known Digital Elevation Models (DEM) that 
are furnished by the United States Geophysical Survey (USGS) or 
other digital terrain models captured as a result of laser 
signals. In addition the system's mathematical algorithms take 
account of the differences in measurements of known objects such 
as cars and distribute these differences to fixed variables which 
has the effect of raising, lowering, tilting -or reshaping a 
virtual ground plane that compensates for differences caused by 
elevation. The particular camera to be utilized with this 
) invention may be an analog, digital video or still digital 
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camera. The camera may be carried by an operator who is on foot 
or in a land, sea or air craft. 

The inclinometer, the GPS antenna/receiver and a 
compass are affixed to the camera so that they move together as 
a unit. The inclinometer detect changes in the depression angle 
and the roll angles of the camera. The photographic data is 
attached to the image file and is transferred to a small 
microprocessor (CPU) , where the storage device can be a PCMCIA 
memory card. The microprocessor processes and links the shot 
data from the instruments with a digital image file. All of the 
data regarding depression angle, global position, heading (or 
bearing) and image are interpolated and combined with the shot 
time. This digitized image and other information are then stored 
in a spatially managed image file mosaic software, whereby images 
can be retrieved based on their map location or from a gallery 
or "contact sheet " of digital miniature thumbnails. 

The method of the invention comprises the following 
steps. The image is first digitally captured by a "digital 1 ' 
camera or other digitizing device, along with the aforementioned 
shot data. "Shot data" is then analyzed by the computer, 
including location (i.e., latitude, longitude and altitude); 
camera bearing or heading (the compass direction in which the 
lens is pointing) ; the camera depression angle or azimuth; and 
the camera roll (i.e. , the yaw of the camera, with respect to its 
horizontal axis) . The shot data is then mathematically adjusted 
( trigonometrically) to coordinate the points on the ground plane 
with the points in the image plane, so as to produce an 
automatically computationally georef erenced digital image. 
Elevation data may be used to corroborate or enhance the accuracy 
of the trigonometric interpolation. The result of all of this 
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processing provides an image, or a portion thereof, from which 
can be obtained geographic coordinates of any point on the ground 
and/or ground measurements taken between any two points in the 
image. This "georef erencing" of each image also determines its 
placement in a series of adjacent images, so that each image can 
be depicted as a "tile" within a "mosaic" of tiled images. Each 
image, in addition to its georef erence , is processed so as to 
contain a discrete sequential identifier, the date and the time. 
Many images of the same landscape may be taken by using different 
angles and camera positions, each of which is accessible by means 
of a graphical user interface. Trigonometric processing also 
takes into account fixed variables, such as lens focal length, 
the size of the image plane, the number of pixels in the X-Y axes 
(horizontal and vertical planes) and the size of the pixels. 

It is the object of the present invention to provide 
an improved oblique aerial -photography system so that any person 
without special "photo- interpret ing" skills may conduct 
electronic field studies of land and building, as well as ground- 
based visual inventories. 

It is another object of this invention to provide a 
portable photography system that combines into a single 
operational unit a photographic camera with a GPS 
antenna/receiver that captures global coordinates, a compass for 
determining camera direction and inclinometer for calculating the 
5 photographic angle . 

It is a further object of this invention to provide a 
digital photographic imaging system that "georef erences" each 
geographical image, so that each image, or part thereof, can be 
depicted as a "tile" within a "mosaic" of tiled images. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided an image capture and georef erencing unit. The unit 
comprises in combination, a portable camera with a Global 
Position Satellite (GPS) antenna/receiver that captures global 
coordinates, a compass for determining the direction and an 
inclinometer for calculating the photographic angle. The camera 
and other instruments feed image and shot data to a CPU, where 
the shot data is analyzed, mathematically interpolated and 
reconciled with known constants. The image and shot data are 
then stored in memory. The "shot data" analyzed by the computer 
includes camera location (i.e., latitude, longitude and 
altitude), time, camera bearing (the compass direction in which 
the lens is pointing) , the camera depression or azimuth, and 
camera roll (i.e., the yaw of the camera with respect to its 
horizontal axis) . The portable camera and data-gathering 
instruments move together and, therefore, function as a single 
unit that provides precise, accurate data and digitized 
photographic image information, despite topographical changes 
and/or altitude variations of the camera. They also provide 
precise data on the GPS location of the camera and its altitude 
with respect to the ground. Exact digital representations with 
precise coordinates are instantly available for precise 
reconnaissance purposes. The photographic shot data is 

mathematically adjusted ( trigonometrically) to coordinate the 
points on the ground plane with the points in the image plane in 
order to produce an automatically computationally georef erenced 
digital image. Elevation data may be used to corroborate or 
enhance the accuracy of the trigonometric interpolations. 

The result of all of this processing provides an image, 
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or a portion thereof, from which can be obtained geographic 
coordinates of any point on the ground and/or measurement s on the 
ground taken between any two points in the image. The 
" georef erencing" of each image also determines its placement in 
a series of adjacent images, so that each image can be depicted 
as a "tile" within a "mosaic" of tiled images. Each image, in 
addition to its georef erence , is processed so as to contain a 
discrete sequential identifier, the date and the time. Many 
images of the same landscape may be taken by using different 
angles and camera positions, each of which is accessible by means 
of a graphical user interface. Processing adjusts the shot data 
to compensate for fixed camera data, such as the lens focal 
length, the size of the image plane, the number of pixels in the 
X-Y axes (horizontal and vertical planes) and the size of the 
5 pixels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A complete understanding of the present invention may 
be obtained by reference to the accompanying drawings, when 
considered in conjunction with the subsequent detailed 
0 description, in which: 

FIGURE 1 illustrates a schematic, block diagram of the 
camera and instruments of this invention; 

FIGURE 2 depicts a flow diagram of the processing 
method used in the system shown in FIGURE 1, in which an image 
25 is captured, digitized and combined with shot data and ether 
georef erencing information, and thereafter stored for future use; 

FIGURE 3 shows a flow diagram of the image file 
management software of the inventive system depicted in FIGURE 
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FIGURES 4 A-C illustrate the inventive technique used 
to mathematically calculate the georeference at each pixel of the 
image; and 

FIGURES 5 A-B illustrate a schematic view of the 
inventive technique used to mathematically reconcile the shot 
data with Digital Elevation Models and/or other known "ground 
truth" . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Generally speaking, the invention features an imaging 
system, including a novel combination of a portable camera, GPS 
receiver, bearing compass and inclinometer ( s ) . All of the 
components move and function as a single unit, so that, despite 
changes in the depression and the roll angles of the camera, each 
digital image is captured, along with shot data, which becomes 
automatically, computationally georef erenced . 

Now referring to FIGURE 1, an imaging system 10 of this 
invention is illustrated. The system combines a camera 11 with 
an inclinometer 12, a compass 14, an optional altimeter 16 and 
a Global Position Satellite (GPS) antenna/receiver, 15a and 15b, 
respectively. The particular camera 11 that can be utilized with 
this invention may be a databack film camera that is capable of 
affixing shot time and subsequent digitization. The camera 11 
can also be an analog, a digital video or a still digital camera. 
The camera 11, inclinometer 12, compass 14, optional altimeter 
16 and GPS receiver 15b are each individually connected to ^ CPU 
processor 18 containing a fixed or removable memory 28 (su-::: as 
a PCMCIA card) via respective lines 21, 22, 24, 26 and 25. The 
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GPS antenna 15a is connected to the GPS receiver 15b via line 17. 
Also connected to the CPU processor 18 are an optional key-pad- 
and microphone 19 via line 29. The key-pad- and-microphone 19 can 
be used to enter comments or additional information with respect 
to the photographed site. Where altitude provided by the GPS is 
adequate, the altimeter 16 may be dispensed with. Where comments 
are impractical, the key-pad-and-microphone 19 may also be 
dispensed with. 

The invention reflects the discovery that in addition 
to camera location, it is necessary to factor into the 
calculations the changes in the elevation of the depicted land, 
the depression and the bearing of the camera, with respect to 
this encompassed land. The compass 14 provides camera heading 
or bearing information; the GPS antenna/receiver 15a and 15b 
provide the camera position information (latitude, longitude and 
altitude) ; the inclinometers 12 provide the depression and roll 
angles; and the optional altimeter laser or other 16 provides 
additional altitude information. As an alternative to or in 
addition to instrumental measurements of land, the system may 
0 computationally deduce elevations within the image by assessing 
deficiencies in measurements of known objects such as cars. 
These variables are combined with the digital image, plane 
measurements, focal length, and pixel data to give . a 
georef erenced image down to the pixel level . 

5 The instrument's shot data are recorded and used to 

coordinate the points on the ground plane with the points ir. uhe 
image plane in order to produce a georef erence for each pixel. 
DEM data are used to corroborate or enhance the accuracy z-£ the 
trigonometric interpolations. The result of all of 

0 processing provides an image, or a portion thereof, from v;hicr 
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can be obtained geographic coordinates of any point on the ground 
and/or measurements on the ground taken between any two points 
in the image. The "georef erencing" of each image also determines 
its placement in a series of adjacent images, so that each image 
can be depicted as a "tile" within a "mosaic " of tiled images. 
Each image, in addition to its georef erence , is processed so as 
to contain a discrete sequential identifier, the date and the 
time. Many images of the same landscape may be taken by using 
different angles and camera positions, each of which is 
accessible by means of a graphical user interface. Processing 
adjusts the shot data to compensate for the lens focal length, 
the size of the image plane, the number of pixels in the X-Y axes 
(horizontal and vertical plans) and the size of the pixels. 

The GPS antenna/receiver 15a and 15b can be obtained 
from, among others, Trimble Navigation Systems of Sunnyvale, 
California. A fluxgate compass 14 and inclinometers 12 are 
available from, among others, KVH Industries, Inc., of 
Middletown, Rhode Island. 

In processing the information, the CPU 18 accesses 
Digital Elevation Model (DEM) data from a database in order to 
adjust the image data for topographical variations. The position 
variables (camera X, Y and Z coordinates) are obtained from the 
Global Position Satellite (GPS) receiver. The pointing variables 

(camera heading or bearing) are obtained from the compass 14, and 
the depression and the roll information are obtained from the 

inclinometers 12 . 

The processing assumes a simple, pin-hole camera model. 
The ground position of the photographed image can be defined by 
simple triangular, trigonometric processing of the depression 
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angle <t> D , the size of the image plane and the focal length (FL) 
of the camera as shown in FIGURE 4A. A pixel location (P x , P y ) of 
a particular point selected on a displayed image can be processed 
for a particular depression angle by calculating the inverse 
tangent of the angle as shown in FIGURE 4B . 

Referring to FIGURE 4C, assuming a northerly direction, 
the angle ^(depression angle) is offset by the arctangent (film 
height [y] * (row containing focal axis [F y ] -row of selected 
pixel [P y ])/2* image plane height [Z] * focal length 
[FL] ) resulting in angle c|> p . The angle <t> p is subtracted from the 
recorded depression angle 0 P and denoted as Pv relative to the 
point on the ground immediately below the camera, with camera 
altitude above the ground "Z" (height) . The northerly distance 
to the selected point [P x , P y ] is Z* sin (n/ 2 - p v ) . The east- 
west distance is calculated from the (column of selected pixel 

[PJ -focal axis column [F x ] / 2 ) *f ilm width [x] /image plane width 

[xj . 

east -west distance = Camera Z*cos $/2*focal length * sin p,. 

When the direction is other than north, a simple 
rotation is made on the point to establish the ground location. 
The true location is then obtained by translating the ground 
location of the camera into its recorded position. 

Ground location for terrain "T" that is not flat is 
adjusted by using DEM data and an iterative algorithm, well known 
in the art of optimization routines. The processor 18 uses the 
algorithm and the point [gj assumed for a flat terrain as shown 
in FIGURE 5A. The processor accesses the DEM data for that point 
and obtains the elevation [g 2 ] as shown in FIGURE 5B. The 
process is complete if the elevation at that camera location is 
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the same as that of the selected point. Otherwise, the camera 
elevation is modified to account for the difference in the ground 
elevation of the selected point. The revised value is then used 
to estimate the ground location (G 3 ) . The iterative algorithm 
continues to revise the estimate until it converges to within 
acceptable limits. The algorithm is modified to adjust for roll 
of the camera by transforming pixel coordinates to a new set of 
coordinates. The transformation is a simple rotation about focal 
axis M F M by well-known mathematical methods. 

T/i = [cos fi sin /x ,] - sin/i cos /i 

The data points provided by the DEM are sampled along 
the ground every 3 0 meters in an orthogonal grid bounded by g 2 
and g 1# as shown. Intermediate points are obtained by 

interpolation, such as by using bilinear interpolation or bicubic 
splines . 

The position of the camera and the pointing angles are 
subject to a small degree of error and, therefore, may be 
reconciled with measured ground truth other than DEM data. This 
is accomplished by locating or measuring discrete objects in 
severa l images and then modifying the collected data so as to 
obtain more accurate estimates. 

Referring to FIGURE 2, a flow chart 100 is illustrated 
for the image - and - da t a - capture process of this invention. An 
image is captured by camera 12, step 101; the image information 
is converted to digital form, step 102. The camera altitude, 
ground location, tilt, depression angle and heading (bearing) are 
then obtained, as shown in step 103. The information from steps 
102 and 103 is then combined, step 104. The data is then 
adjusted according to focal length, pixel size, pixel location 
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and focal axis, as previously explained with reference to FIGURE 
4, step 105. The result of all of the processing provides an 
image, or a portion thereof, from which can be obtained 
geographic coordinates on the ground and/or ground measurements 
taken between any two image points. The "georef erencing" of each 
image determines its placement in a series of adjacent images, 
so that each image can be depicted as a "tile" within a "mosaic" 
of tiles images, step 106. The DEM data is then used to adjust 
the image data for variations in* the terrain, step 107. The 
image data is then compressed for storage purposes, step 108. 

Referring to FIGURE 3, a flow chart 2.00 illustrates in 
more detail the DEM adjustment process for the data obtained in 
FIGURE 2. A tile from the mosaic is obtained, steps 201 and 202. 
In conjunction with the selection, an associated DEM elevation 
file is accessed, step 203. The accessed data is then combined 
and the digitized data decompressed, step 204. The image and 
adjoining images are then displayed, step 206. Certain features 
of the images are selected, step 207, and the horizontal or 
vertical measurements are selected for review, step 208. 
Different images are reviewed, step 210, and the end points are 
measured, step 209. The ground points are then estimated, step 
211, and compared with the DEM data, step 212. If the elevation 
estimate is different, the elevation is revised, step 214, and 
entered via line 215. A new estimate is made via return loop 
i 205, and the re-entering of step 211. After a few iterations, 
the decision is made, step 212, to report distance between 
points, step 217 via line 216. When the estimate is found 
accurate, the actual distance between the selected ground points 
is made, step 217. The process is then repeated via return loop 
0 220, in order to obtain the distance values for other selected 
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points and tiles. 

The invention has been described in detail with 
particular reference to certain preferred embodiments thereof, 
but it will be understood that variations and modifications can 
be effected within the spirit and scope of the invention. 
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What is claimed is: 

1. An image georef erencing system, comprising:. 

a portable, data-capturing device affixed to. a 
camera, with said camera providing an image, said portable, 
data-capturing device and said camera being carried by hand or 
upon an aerial surveillance vehicle or other craft, said 
portable, data-capturing device providing data for 
computationally generating a" georef erence , and being 
independently operative of any aeronautical instruments, said 
portable, data -capturing device further including at least one 
inclinometer for determining depression angle, a means for 
determining heading or bearing of said data- capturing device and 
a global position satellite antenna/receiver for obtaining 
georeferencing information, said at least one inclinometer and 
5 said global position satellite antenna/receiver being movable as 
a single unit; and 

a processor operatively connected to said portable, 
data-capturing device and said camera, said processor comprising 
data storage means, including digital elevation information and 
0 a program for modifying image and georeferencing information with 
respect to variations in terrain and changes in heading, roll and 
yaw of said data-capturing device, said processor computationally 
generating a georef erence of any object within said image, in 
which said object can be located and measured therewithin. 

>5 2. The imaging georeferencing system in accordance 

with claim 1, further comprising an altimeter connected tc said 
processor for determining additional altitude data of said 
portable, data-capturing device. 
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3 . The imaging georef erencing system in accordance 
with claim 1, further comprising a key pad connected to said 
processor for entering pilot information into said processor. 

4 . The imaging georef erencing system in accordance 
with claim 1, further comprising a microphone connected to said 
processor for entering comments into said processor. 

5. An image georef erencing system, comprising: 

a camera for, providing an image in combination 
with a georef erencing , data-capturing device and inclinometer, 
said combination carried by hand or upon an aerial surveillance 
vehicle or other craft, said georef erencing, data-capturing 
device capturing data for computationally generating a 
georef erence of any object within said image; and 

a processor connected to said camera and 
georef erencing , data-capturing device combination, said processor 
comprising data storage means, including digital elevation 
information and a program for modifying image and georef erencing 
information with respect to variations in terrain and changes in 
heading, roll and yaw of said data-capturing device and 
processing said captured data for computing a georeference of any 
object within said image. 

6. The image georef erencing system in accordance with 
claim 5, wherein said camera and georef erencing , data- capturing 
device combination comprises at least one inclinometer for 
determining depression angle, a means for determining heading of 
said image and a global position satellite antenna/receiver for 
obtaining georef erencing information with respect to said image, 
said at least one inclinometer and said global position satellite 
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antenna/receiver being movable as a single unit, with each being 
connected to said processor. 

7 . The image georef erencing system in accordance with 
claim 6 , further comprising an altimeter connected to said 
processor for determining additional altitude data. 

8 . The image georef erencing system in accordance with 
claim 5, further comprising a key pad connected to said processor 
for entering comments into said processor. 

9. The image georef erencing system in accordance with 
claim 5, further comprising a microphone connected to said 
processor for entering comments into said processor. 

10 . A method of computationally georef erencing images, 
comprising the steps of: 

a) capturing an image of terrain to provide 
digitized image information; 

b) combining said digitized image information 
with shot data from instrumental data and camera data; 

c) ' analyzing said combined digitized image and 

said shot data; 

d) obtaining information with respect to image 
location data, including at least one of a group of location data 
including variations in camera latitude, longitude, altitude, 
camera bearing, camera depression angle, roll and yaw; and 

e) adjusting information obtained in step (b) 

» and utilizing information obtained in step (d) to coordinate 
points on a ground plane with points in an image plane to produce 
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a georef erenced digital image of the terrain. 

11. The method in accordance with claim 10, further 
comprising the step of : 

f) utilizing digital elevation model data to 
enhance accuracy of image and georef erencing information obtained 
in step (b) . 

12 . The method in accordance with claim 10 , further 
comprising the step of : 

f) processing said information obtained in step 
(b) to provide an image, or a portion thereof, that can be 
spatially located by using geographic coordinates and/or 
measurements taken between any two points. 

13. The method in accordance with claim 10, further 
comprising the step of : 

f) depicting combined image information and 
georef erencing information as a "tile" within a "mosaic" of tiled 
images, with each image, in addition to its respective 
georef erence , being processed so as to contain a discrete 
sequential identifier, date and time. 

14. The method in accordance with claim 10, further 
comprising the step of: 

f ) capturing a multiplicity of images of the same 
terrain in accordance with step (a) by using different angles and 
capture positions to provide different points of view of the same 
scene, each of which being accessible by means of a graphical 
user interface . 
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15. The method in accordance with claim 10, further 
comprising the steps of: 

f) * obtaining information with respect to lens 
focal length, size of image plane, number of pixels in horizontal 
and vertical planes, and size of pixels; and 

g) processing said image information in step (a) 
with respect to said information obtained in step (f) to adjust 
said image information. 

16. A method of aerial surveillance of terrain, 
comprising the steps of: 

f) aerially capturing an image of terrain to 
provide image information; 

g) combining said image information with shot 
data as georef erencing variables; 

h) analyzing said combined image and said 
georef erencing variables; 

i) obtaining information with respect to irr.age 
location data, including at least one of a group of location data 
including variations in camera latitude, longitude, altitude, 
camera bearing, camera depression angle, roll and yaw; and 

j) adjusting information obtained in step (b) 
and utilizing information obtained in step (d) to coordinate 
points on a ground plane with points in an image plane to proauce 
an exact image of the terrain. 

; 17. The method in accordance with claim 16, f;:r:her 

comprising the step of: 
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f) utilizing digital elevation model data to 
enhance accuracy of image and georef erencing information obtained 
in step (b) . 

18. The method 'in accordance with claim 16, further 
comprising the step of: 

f ) processing said information obtained in step 
(b) to provide an ' image, or a portion thereof, that can be 
spatially located by using geographic coordinates and/or make 
known geographic coordinates of the ground at any point depicted 
in the image and/or ground measurements taken between any two 
points of the image. 

19. The method in accordance with claim 16, further 
comprising the step of: 

f) depicting combined image information and 
georef erencing information as a "tile" within a "mosaic" of tiled 
i ma ges, with each image, in addition to its respective 
georef erence , being processed so as to contain a discrete 
sequential identifier, date and time. 

20. The method in accordance with claim 16, further 
comprising the step of: 

f) taking a multiplicity of images of the 
terrain in accordance with step (a) by using different angles and 
capture positions to provide multiple views, accessible by means 
of a window-like, graphical user interface. 

21. The method in accordance with claim 16, further 
comprising the steps of: 
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f) obtaining information with respect to lens 
focal length, size of image plane, number of pixels in horizontal 
and vertical planes, and size of pixels; and 

g) processing said image information obtained in 
step (a) with respect to said information obtained in step (f) 
to adjust said image information. 

22. An image georef erencing system comprising 

a camera for providing an image in combination 
with a georef erencing, data-capturing device, said combination 
carried by hand or upon an aerial surveillance- vehicle or other 
craft, said georef erencing , data-capturing device capturing data 
for computationally generating and -recording a georef erence of 
the camera for each captured image; and further comprising a 
device selected from the group consisting of an inclinometer, 
means for determining heading or bearing of the camera. 

23. The image georef erencing system of claim 22 
further comprising a processor connected to said camera and 
georef erencing, data-capturing device combination, said processor 
comprising data storage means, including digital elevation 
information and a program for modifying image and georef erencing 
information with respect to variations in terrain and changes in 
heading, roll and yaw of said data- capturing device and 
processing said captured data for computing a georeference of any 
object within said image. 

; 24. The image georef erencing system of claim 23 

wherein said camera further comprising means for recording che 
depression and roll angle of the camera for each image captured 
by the camera . 
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25. The image georef erehcing system of claim 23 
wherein said camera further comprising means for recording the 
altitude of the camera for each image captured by the camera. 

26. The image georef erencing system of claim 23 
wherein said georeference data is obtained by a global position 
system antenna and receiver connected to the processing unit. 

27. The image georef erencing system of claim 26 
wherein said processing unit is within said camera. 

28. The image georef erencing system of claim 24 
wherein said angle means is an inclinometer ^connected to the 
processing unit. 

29. The image georef erencing system of claim 25 
wherein said altitude means is an altimeter connected to the 
processing unit. 

30. A digital mapping system, comprising: 

a portable data-capturing device affixed to a 
camera, said camera providing an image, said portable data- 
capturing device and said camera being carried by hand or upon 
an aerial surveillance vehicle or other craft for providing a 
pixel -based image, said portable data-capturing device providing 
data for computationally generating a georeference for each pixel 
of said pixel -based image, said data-capturing device being 
independently operative of any aeronautical instruments, said 
portable data-capturing device further including at least one 
inclinometer for determining declination angel, a means for 
determining heading or bearing of said image-capturing device and 
a global position satellite antenna/receiver for obtaining 
georef erencing information, said at least one inclinometer and 



WO 99/18732 PCT/US98/20809 

22 

said global position satellite antenna/receiver being movable as 
a single unit; and 

a processor operatively connected to said portable 
data -capturing device and said camera, said processor comprising 
data storage means, including digital elevation information and 
a program for modifying image and georef erencing information with 
respect to variations in terrain and changes in heading, roll and 
yaw of said data-capturing device, said processor computationally 
generating a georef erence of each pixel and any object within 
said image, wherein said object can be located and measured 
within said image. 

31. The imaging georef erencing system in accordance 
with claim 30, further comprising a key pad connected to said 
processor for entering pilot information into .said processor. 

32. The imaging georef erencing system. in accordance 
with claim 30, further comprising a microphone connected to said 
processor for entering comments into said processor. 

33. An image georef erencing system in accordance with 
claim 30, further comprising: 

) a camera for providing an image in combination 

with a georef erencing, data-capturing device and inclinometer, 
said combination carried by hand or upon an aerial surveillance 
vehicle or other craft, said georef erencing, data-capturing 
device capturing data for computationally generating a 

5 georef erence of any object within said image; and 

a processor connected to said camera and 
georef erencing, data-capturing device combination, said processor 
comprising data storage means, including digital elevacion 
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information and a program for modifying image and georef erencing 
information with respect to variations in terrain and changes in 
heading, roll and yaw of said data-capturing device and 
processing said captured data for computing a georeference of any 
object within said image. 

34. A digital mapping system, comprising: 

a camera for providing a pixel -based image in 
combination with a georef erenciifg data-capturing device, said 
combination carried by hand or upon an aerial surveillance 
vehicle or other craft, said georef erencing data-capturing device 
capturing data for computationally generating a georeference of 
each pixel and any object within said image; and 

a processor connected to said camera and 
georef erencing data-capturing device combination, said processor 
comprising data storage means, including digital elevation 
information and a program for modifying image and georef erencing 
information with respect to variations in terrain and changes in 
heading, roll and yaw of said image -capturing device, and 
processing said captured data for computing a georeference of 
each pixel and any object within said image. 

35. The image georef erencing system in accordance with 
claim 34, wherein said camera and georef erencing , data-capturing 
device combination comprises at least one inclinometer for 
determining depression angle, a means for determining heading of 
said image and a global position satellite antenna/receiver for 
obtaining georef erencing information with respect to said i:r.age, 
said at least one inclinometer and said global position satellite 
antenna/receiver being movable as a single unit, with each h-eing 
connected to said processor. 
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36. The image georef erencing system in accordance with 
claim 35, further comprising an altimeter connected to said 
processor for determining additional altitude data. 

3 7 . The image georef erencing system in accordance with 
5 claim 34, further comprising a key pad connected to said 
processor for entering comments into said processor. 

38. The image georef erencing system in accordance with 
claim 34 , further comprising a ^microphone connected to said 
processor for entering comments into said processor. 

10 39. A method of digitally mapping terrain, comprising 

the steps of : 

a) capturing a pixel -based image of terrain to 
provide digitized image information; 

b) capturing georef erencing information; 

15 c) combining said digitized image information with 

said captured georef erencing information; and 

d) processing said combined digitized image 
information and said captured georef erencing information in order 
to generate a georeference of each pixel and any object within 
20 said image of said terrain, whereby said object can be located 
within said image of terrain. 

40. The method in accordance with claim 39, further 
comprising the step of: 

f) utilizing digital elevation model da:a to 
2 5 enhance accuracy of image and georef erencing information obtained 
in step (b) . 
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4 d in accordance with claim 39, further 
comprising t 

3sing said information obtained in step 
(b) to prov 2f or a portion thereof, that can be 
spatially l, using geographic coordinates and/or 
measurement s :en any two points. 

method in accordance with claim 39, 
further compr 3tep of : - 

icting combined image information and 
georeferencincon as a "tile" within a "mosaic" of tiled 
images, with a ge, in addition to its respective 
georeference, - OC essed so as to contain a discrete 
sequential idedate and time. 

method in accordance with claim 39, 
further compri !s tep of: 

aring a multiplicity of images of the same 
terrain i n accoith step (a) by using different angles and 
capture positioovide different points of view of the same 
scene, each of . e ing accessible by means of a graphical 
user interface. 



further 



4s method in accordance with claim 39 
comprisi steps of: 



f:aining information with respect to lens 
focal length, sizmage plane, number of pixels in horizontal 
and vertical plar.nd size of pixels; and 

g)cessing said image information in step (a) 
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with respect to said information obtained in t ad ^ ust 
said image information. 

45. A method of aerial surveill terrain/ 
comprising the steps of: 

5 a) aerially capturing a [n] pix ( image ° f 

terrain to provide image information; 

b) combining said image on with 
georef erencing information; and 

c) processing said combined and said 
10 georef erencing information, in order to gene eoref erence 

of each pixel and any object within said Df terraxrL/ 
whereby said object can be located within sa: of terrain ' 

46. The method in accordance wit 45 ' further 
comprising the step of: 

15 f) utilizing digital eleV odel data t0 

enhance accuracy of image and georeferencing ation obtained 
in step (b) . 

47. The method in accordance wi im 45 ' further 
comprising the step of: 

20 f ) processing said inform 3btaiued in step 

(b) to provide an image, or a portion )f ' that can 
spatially located by using geographic co ltes and/o- make 
known geographic coordinates of the ground 1 ^ poi nt d e P 1Gt:e 
in the image and/or ground measurements 1 between an/ two 

25 points of the image. 



48 



The method in accordance claim 45, turner 
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comprising the step of: 

f ) depicting combined image information and 
georef erencing information as a "tile" within a "mosaic" of tiled 
images, with each image, in addition to its respective 
georef erence , being processed so as to contain a discrete 
sequential identifier, date and time. 

49. The method in accordance with claim 45, further 
comprising the step of: 

f) taking a multiplicity of images of the 
terrain in accordance with step (a) by using different angles and 
capture positions to provide multiple views, accessible by means 
of a window-like, graphical user interface. 

50. The method in accordance with claim 45, further 
comprising the steps of : 

f) obtaining information with respect to lens 
focal length, size of image plane, number of pixels in horizontal 
and vertical planes, and size of pixels; and 

g) processing said image information obtained in 
step (a) with respect to said information obtained in step (f) 
to adjust said image information. 
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